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Abstract 
An integral and unprofitable part of high tech complexes for liquefaction, allocation and taking over liquefied natural gas (LNG) 
is a large, above ground cryogenic reservoir (CR). It is a composite engineering structure for storing great volumes of fire and 
explosion hazardous products at low temperatures (-161º C). Construction of such reservoirs demands a huge starting investment, 
which can make up to 50% of total capital expenditure. 
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1. Introduction 
In developed countries tanks of different designs are built as well as different ways of engineering analyses are 
used taking into account first of all reliability of the structure and only then optimization of building costs [1,2,3].
Taking into account a big requirement in up-to-date constructive decisions which would minimize the costs for 
construction, working out of a new structure as well as design ways of large above ground cryogenic tanks made of 
modern types of concrete is an urgent task. 
A number of calculations with the purpose of determining types of concrete suitable for building of bearing 
reinforced concrete wall of a cylindrical tank with the capacity of 200 000m³ for storage of LNG has been made. 
B60concrete wall of 750 mm thickness with a local 1400 mm thickness in bottom and reinforced with 31ɯ15, 2 mm 
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K1700 rope has been taken as a base construction. An effectiveness analyses for average strength as well as B20, 
B40 and high strength concrete has been carried out.
According to the results of calculations of B20 concrete tank when even reinforcing of the wall with pre-stressed 
ropes and even 750mm distance along all height it has been determined that tensile ring stress in the wall when 
operational loading (weight of construction, prepressing of LNG) made up ࢽ஠ =1056kPa=1,056 MPa that exceeds a 
calculated strength of concrete Rb=0,9MPa. A maximum compressing tension in concrete arises in a ring 
(horizontal) direction under the calculation without taking into account the pressure LNGࢽ஠, =8,32 MPa<R୽=11,5 
MPa. The value of the maximum curve because of big deformation of material (in comparison of B60 concrete) has 
decreased from 6011 (kH·m)/m to 5402(kH·m)/m. 
The findings show that it is necessary to lower average tensions ࢽ஠. It can be achieved by making a wall thicker or 
increasing the intensity of the preliminary wall tension from the bottom to 10m height. As the distance between 
cables are equal all over the wall height without relieving the tension in the bottom under this calculation we 
consider that it is inexpedient to increase the tension intensity but it is necessary to increase the thickness of the wall 
[4, 5].
It has been determined by a number of calculations that the needy wall thickness in the bottom is 1600mm and 
the height of the changeable thickness of the wall is 10m. The optimum construction of the tank wall made of B20 
concrete is shown in fig. 1. Isofields of tension ࢽ஠ are shown in fig. 2. 
 
 
Fig. 1. B20 concrete wall construction on the bottom of the tank 
An engineering analyses of B40 concrete tank showed that the concrete tension don’t exceed maximum. So, 
ıx,max=1,16 MPa < Rbt=1,4 MPa (fig.3). In this case an expenditure of the pretense ropes can be increased if to have 
a distance between them 1000mm in the bearing part and 4m height (fig.4, 5). 
Fig. 2. Tension in horizontal (ring) from all kinds of loading, ࢽ஠, kPa, after increasing a wall thickness. B20 concrete. 
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Fig. 3. Tension in horizontal (ring) from all kinds of loading, ࢽ஠, kPa. B 40 concrete
 
Fig. 4. B 40 concrete wall construction on the bottom of the tank 
Optimization of the B 60 concrete tank construction (fig. 4) is possible owing to decreasing of the wall thickness. 
Recommended parameters are the following: wall thickness is 550 mm, thickening to the bottom along 9,5 m height 
till 1400mm width. Isofields of tension are shown in fig. 5.
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Applying of highly durable B80 concrete allows to reduce its expenditure by diminishing wall thickness in the 
bearing part of the tank. When the total wall thickness is 550 mm it is necessary to have 1200 mm thickness on the 
bottom for 7,5 m height (fig. 7). Diminishing wall thickness less than 550mm is inexpedient because it leads to a big 
wall deformation in the transverse direction. 
All constructive decisions which were made as a result of calculations of a reinforced concrete wall are given in 
table 1. Symbols taken in the table are shown in fig. 5. Except geometric sizes there are the following parameters in 
the table: the distance between ropes along the height of the wall and the total number of rows of pretense 
reinforcement along all wall height. It is necessary to notice that in all versions of the calculation tensioned 
reinforcement has been made as bundles of K 1700 ropes. There are 31 ropes in a bundle with a diameter of 15,2 
mm, Asp = 43,09 cm². The pretense reinforcement quantity is ısp = 1300 MPa. 
Table 1. Optimum tank walls parameters
Concrete 
class 
a, mm t¹, mm t², mm s¹, mm n¹ s², mm n² 
Total 
number 
of rows 
B 20 10000 750 1600 750 - 750 48 49 
B 40 7500 750 1400 1000 3 750 44 48 
B 60 9500 550 1400 1500 3 750 42 46 
B 80 7500 550 1200 1500 2 750 45 47 
 
 
Fig. 5. Tank wall scheme 
2. Conclusion 
The concrete volume, quantity and the total number of pretense reinforcement which are necessary for building 
of the tank bearing walls are given in table 2. Besides, relative quantities of weight reduction and materials 
consumption in comparison with B20 concrete tank have been determined. The wall height is assumed up to the 
bottom of the ring girder: 36,2 m.
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Table 2. Materials consumption for tank wall building
Concrete 
class 
Concrete volume 
m³ 
Concrete weight, 
t Rope weight, t 
Total weight 
reduction, % 
Concrete 
consumption 
reduction, % 
Rope  
consumption 
reduction, % 
B 20 8597,0 21492,5 459,4 - - - 
B 40 8100,8 20251,8 450,1 5,69 5,77 2,04 
B 60 6556,6 16391,5 431,3 23,37 23,73 6,12 
B 80 6118,5 15296,3 440,7 28,31 28,83 4,08 
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